Purpose Double and multiple mandibular fractures are associated to high morbidity and functional damage. This study aimed to evaluate the characteristics and outcomes of double unilateral, bilateral, and multiple mandibular fractures. Methods A 7-year observational retrospective analysis was performed, and the injury-related data were collected from the medical records. Statistical analysis was performed using Fisher's exact test (p < 0.05).
Introduction
Mandibular fractures are common in maxillofacial trauma and occur up to twice more than midface fractures [1] . The fracture pattern depends of a variety of factors such as geographical area, socioeconomic status, and cultural aspects [1, 2] . Commonly, mandibular fractures occur in young and middle-aged men, and the main causes are traffic accidents, violence, and sports-related accidents [2] . Those injuries result in high morbidity, functional damage, and aesthetic loss with social repercussion. Moreover, the treatment requires hospital admission and high cost materials [3] .
Faced to a double or multiple mandibular fracture, the treatment requires a more stable fixation, and the application of nonrigid fixation will be limited to just one of the sites [4] . Those fractures are classified according to the region and number of sites, as double bilateral (contralateral), double unilateral, or multiple mandibular fracture [4] [5] [6] . Double bilateral mandibular fractures are more common due to the trauma mechanism and mandibular anatomy [7, 8] . Double unilateral fractures are rare and generally are represented by a free mandibular segment without anterior or posterior support [5] . Multiple mandibular fractures involve more than two sites and are associated with high energy trauma [4] .
The number of involved sites has an important role in the treatment and outcomes in mandibular fractures. A complex treatment is expected when a higher number of fractures is present. Although most of the mandibular fractures are isolated, 22 to 52% of them involve two or more sites [5] . Ellis and collaborators [1] described that 80% of patients with double mandibular fractures require surgical intervention, whereas all patients with multiple mandibular fractures need surgical intervention, especially open reduction and internal fixation. Therefore, due to the clinical implications of double unilateral, bilateral, and multiple mandibular fractures, the aim of this study was to evaluate the characteristics and outcomes of those fractures in a reference center in Oral and Maxillofacial Surgery.
Material and methods

Study design
The present observational study was reviewed and approved by an Institutional Research Ethics Committee for Human Beings (protocol no. 60021316.3.0000.5416). The medical records of patients treated for mandibular fracture, between 2009 and 2015, in a single reference center in Oral and Maxillofacial Surgery were reviewed. The inclusion criteria were patients with double unilateral, double bilateral, or multiple mandibular fractures. The exclusion criteria were isolated mandibular fractures, previous mandibular fracture, patients with bone-related diseases, incomplete records, or without follow-up. The records selection and data extraction were performed by three trained researchers (JCSO, GST, and MG).
The following data were extracted:
-Age; -Gender; -Injury mechanism; -Anatomic site; -Fracture classification: double bilateral, double unilateral, multiple; -Fracture-tooth relation: tooth-bearing area, non-toothbearing area; -Treatment: load sharing and/or load bearing and/or nonsurgical; -Occlusion: all teeth present, partially edentulous, totally edentulous; -Presence of complications/failure:
Complications: wound dehiscence, inferior alveolar nerve (IAN) impairment, transitory mouth opening limitation, and local infection (treated just with antibiotics) Failure: mobility, malocclusion, fixation failure, pseudoarthrosis, and major infection (disseminated to fascial spaces that required surgical intervention);
-Time between trauma and treatment.
Data analysis
The data were evaluated by means of descriptive statistics, and statistical analysis was performed using PASW SPSS Statistics 18.0 (SPSS Inc., Chicago, USA). Qualitative variables were compared by Fisher's exact test considering 95% significance level; when the null hypothesis was rejected, complex test analysis was performed in order to verify the association between the variables.
Results
In this 7-year retrospective analysis, 283 patients were treated for mandibular fractures. Of them, 199 (70.3%) presented isolated mandibular fracture and were excluded of the study. One patient (0.4%) with multiple mandibular fracture had incomplete record (patient did not return to follow-up) and also was excluded. Therefore, the final sample included 83 (29.3%) patients with double unilateral, bilateral, or multiple mandibular fractures.
About demographic data, there were majority of male patients (86.7%, n = 72) in relation to female ones (13.3%, n = 11). The male:female ratio was 6.5:1. The mean age was 29.3 (SD 13.2) years, ranging from 5 to 69 years. The main causes of injury were traffic accidents (38.6%), personal violence (36.1%), falls (10.8%), and sport-related accidents (6.0%).
Regarding to fracture pattern, most of cases were double bilateral fractures (67.5%), especially symphysis/ parasymphysis fracture combined with mandibular angle fracture. Multiple fractures represented 21.7% of the sample, with a predominance of symphysis/parasymphysis fracture associated with bilateral condylar fractures. Furthermore, double unilateral fractures occurred just in 10.8% of the cases. Table  1 describes the distribution of involved sites according to fracture classification.
Most of fractures (49.4%) involved tooth-bearing areas and non-tooth-bearing areas. Also, 31.3% of the cases were limited to tooth-bearing areas, and the remaining 19.3% were limited to non-tooth-bearing areas. Concerning about type of occlusion, 36.2% of the patients had all teeth, 51.8% were partially edentulous, and 12.0% were totally edentulous. The 83 included patients presented 183 lines of fracture. The most involved sites were condyle (n = 50, 27.2%), angle (n = 41, 19.8%), body (n = 41, 19.8%), parasymphysis (n = 31, 15.0%), and symphysis (n = 15, 7.2%).
The time between trauma and treatment ranged from 0 to 20 days, with a mean of 5.4 (SD 4.3) days, and the mean of follow-up was 9.7 months. Usually, the chosen treatment was performed using internal fixation. Both load-bearing fixation and load-sharing fixation were used, isolated or in combination, to treat 94.0% of the cases. Statistical analysis demonstrates association between treatment modality and type of fracture (p < 0.01) and between treatment modality and site of fracture (p < 0.01). Tables 2 and 3 show treatment modalities according to fracture classification and site. It is important to highlight that multiple fractures presented a negative association with isolated load-bearing fixation and showed a positive association with the application of the three modalities of treatment and with the combination of load-sharing fixation and non-surgical treatment. Regarding the anatomical sites, condylar fractures showed a positive association with nonsurgical treatment, whereas body and angle fractures presented a negative association with the non-surgical treatment. Moreover, body fractures showed positive association with load-bearing fixation.
Concerning about complication rate, 56 cases (67.5%) did not show any type of complications. The remaining 27 cases were divided into complications (n = 18) and treatment failure (n = 9). Table 4 describes the distribution of complications and failures in the sample. The cases classified as complication showed transitory or minor complications, such as wound dehiscence, abnormal limitation of mouth opening, temporary facial nerve impairment to motion, and local infection. Those cases were solved without additional surgical treatment. The mean of mouth opening limitation was 28.6 days. Moreover, 14 cases showed inferior alveolar nerve (IAN) impairment; however, we did not include it as complication because it was related to the trauma. The mean time with IAN impairment was 3.2 months. The failures cases showed mobility, postoperative malocclusion, fixation failure, or pseudoarthrosis, and an additional surgical treatment was necessary. Table 5 shows the distribution of complications according to fracture classification, fracture-tooth relation, and treatment modality. There was no statistical association between complications and fracture classification (p = 0.733), fracture-tooth relation (p = 0.119), and treatment modality (p = 0.284).
Discussion
Due to anatomical characteristics, the mandible is one of the most involved bone in facial fractures [7] [8] [9] [10] [11] . The treatment is complex, especially in cases with double or multiple mandibular fractures [4] . In analyzed sample, almost one third of the patients presented multiple mandibular fractures. This data agrees with the proportion rate reported in the literature which ranges from 22 to 52% [5, 7, 12] . The gender distribution presented a male:female ratio of 6.5:1. The male prevalence in facial trauma is reported in several studies [1, 2, 5-8, 11, 13-17] and is explained by the increase violence rates, negligence in traffic, and exposition of men to risk activities [7] [8] [9] [10] [11] [12] [13] [14] . The sample had a mean age of 29.3 years; this result is similar to the literature and occurs because the population has a higher number of people in this age group [7] .
In general, the mandibular fractures present a well-defined pattern of causes such as personal violence, traffic accidents, gunshot injuries, sport-related injuries, and falls [1, 14, 15] . De Matos and collaborators [17] performed an epidemiological analysis in a similar demographic region of our study and found the same prevalence of traffic accidents, personal violence, and falls. The pathophysiology of mandibular fractures demonstrates the important role of the cause to the pattern and site of the fractures [16] . Usually, traffic accidents result in condylar fractures whereas aggression produce angle or body fractures [13, 18] . The condyle and symphysis/parasymphysis were the most involved regions in our study, present in almost one third of the fractures, in the same way of the study from Cillo and Ellis [5] .
Due to its anatomy, the arch-shaped mandibular bone reacts to an impact with the distribution of loading along all structure [5, 19] . Some anatomical features (foramens, curves, constrictions, and regions with absence of teeth) decrease the mandible resistance and increase the susceptibility to fractures [1, 20] . Moreover, bilateral fractures are more likely to occur due to the mandibular biomechanics [1, 7, 21] . In general, the fracture occurs directly in the site of trauma and indirectly in the contralateral region [22] . In our study, bilateral fractures represented more than two thirds of the sample, similarly to the current literature [4] [5] [6] [7] [8] . Additionally, it is important to notice that the described mandibular characteristics contribute to the rarity of double unilateral fractures [5] . In this sample, The treatment of double/multiple mandibular fractures is more complex than that of isolated fractures. In order to achieve optimal stability during the healing period, the requirements for internal fixation are different, mainly due to the mandibular biomechanical function [4, 22] . Following the principles of treatment of mandibular fractures, there are three different protocols that can be applied: load-bearing fixation, load-sharing fixation, and non-surgical (conservative) treatment [22] . As long this study included cases with at least two fractures, the patients were treated with a combination of the protocols cited above.
The condylar fractures represented 27.2% of all fractures and showed statistical association with non-surgical treatment. However, 54.0% of those cases were treated by load-sharing fixation. These findings agree with the literature, regarding prevalence [23] and the controversies of the treatment [24, 25] . Leiser and collaborators [25] treated 72.0% of condylar fracture using non-surgical protocol while Landes and collaborators [24] treated 67.0% of them by open reduction and internal fixation. Therefore, it is highlighted that the surgical treatment of condylar fractures is dependent on several factors, from fracture pattern to surgeon's experience [18, 24] .
Multiple mandibular fractures presented negative association with the exclusive treatment with load-bearing fixation LB, load bearing; LS, load sharing; Ns, non-surgical and a positive association with the combination of all protocols. It is explained because there is a decreasing in complications rate when nonrigid fixation is applied in only one of the sites of fracture [22] . It follows the strict principle that in multiple mandibular fractures, only one fracture should be treated with nonrigid fixation or non-surgical treatment and all the other fractures should be treated with stable internal fixation [4, 22] . Therefore, the principles of internal fixation must guide the surgeon in the decision-making process [26] . Of 83 patients included in this study, 32.5% presented complication or treatment failure. 21.7% presented minor and transitory complications, and all of them were treated with medication and/or physiotherapy without need of new surgical procedure. However, nine cases (10.8%) showed treatment failure and requested additional surgery. In general, mandibular fractures (isolated, and double or multiple) present a 17.7% of complication rate, being infection the most common [27] . The literature reports a 24.4-25.8% rate of malocclusion and facial asymmetry [5, 18] , 26.8% of major infections, and 9.7% of pseudoarthrosis [18] . Additionally, Christensen and collaborators [28] emphasize that patient noncompliance is the strongest predictor variable for development of complications in mandibular fractures. They showed 27% of major complications as outcome from patient noncompliance. Therefore, the complications rate founded in our study remained within the expected range.
In conclusion, considering the limitations of a retrospective study, the data founded corroborates with the literature and showed an incidence of almost 30% of double and multiple mandibular fractures and a prevalence of double bilateral fractures over multiple and double unilateral fractures. The treatment of double and multiple mandibular fractures is challenging, and there are several aspects that will dictate the treatment plan, fixation protocol, and prognosis. Furthermore, a considerable complication rate is expected; however, most of them are minor and transitory. The proper treatment following the principles of internal fixation and patient's needs regardless to fractures classification provides feasible outcomes. 
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